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CHAPi^A I
IMTltODUCTIOî
Tho s u b s t r a t e s  in  a q u a t ic  eco sy s tem s have been shown d i r e c t l y  to  
i n f l u e n c e  th e  r i i c r o i i s t r i b u t i o n a l  p a t te r n  c f  b e n th ic  in v e r t e b r a t e s  
(Curr-iins, I 9 c i ) .  V/hereas c u r r e n t s ,  tem p er a tu r es ,  or c o n c e n tr a t io n s  o f  
che’uLcals may l i m i t  th e  g e n e r a l  ranges  o f  h a b i t a t  to le r a n c e  (macro­
d i s t r i b u t i o n ) ,  i t  app ears th a t  s u b s t r a t e s  or food  supply  probab ly  cause  
prim ary d i f f e r e n c e s  i n  th e  d i s t r i b u t i o n  c f  a s p e c ie s  ndth in  a cormnunity 
( jn ic r o d is l i ' ib u t io n )  (See F igu re  1 ) .  h ic r o d ls t r ib u t io n - a l  s t u d ie s  have 
s i g n i f i c a n t l y  sharpened th e  é c o l o g i s t e s  approach to  th e  s tu d y  o f  i n d i ­
v id u a l  organism s a s  w e l l  as  communi t i e s  o f  oz'ganisms (Odum, 1 9 5 9 ) .  The 
data  are v a lu a b le  i n  c ' l c u i a t i n g  en ergy  f lo w  through v a r io u s  p o p u la t io n s  
w ith in  a ccficramity, a l s o ,  g iv en  th e  g e o g r a p h ic a l  range o f  any s p e c i e s ,  
an e s t a b l i s h e d  r e l a t io n s h ip  betw een s u b s c r a te - ty p e  and m ic r o d is t r ib u t io n  
p a tte r : ,  can bo o f  c r i t i c a l  im portance i n  e s t a 'c l i s n in g  inde:c s p e c i e s  in  
w ater q u a l i t y  s t u d ie s  (Cummins and L a u ff ,  1 9 'c i) .
The m a jo r ity  o f  r e se a r c h  conducted on o r g a n ism -su b s tra tc  r e l a t i o n -  
sh ip a  has been on marine organ ism s, and few  s i a i l a r  typ es  o f  s t u d i e s  have  
been conducted u s in g  fr e sh w a te r  o rg a n ism s. Kos t  o f  th e  freshw ate i-  lyork, 
i n  tu r n ,  has in v o lv e d  a q u a t ic  i n s e c t s .  I r in k h u r s t  (196?) r e l a t e d  che ir ica l  
and t e x t u r a l  c h a r a c t e r i s t i c s  o f  bottom sed im en ts  to  in v e r te b r a te  d i s t r i ­
b u t io n s  i n  Lake Huron. K lin e  (1913) d is c o v e r e d  a r e la t io n s h ip  between
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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CURItBIJT VELOCITY ^ OTHER FHYDICAL-CmilCAL
PAR/OISTSRS (E.G., II2S, TSIHP. ) ro
——̂  Influence o f  environment on a benthic sp ec ies  which r e su lt s  in  recognition  
o f  microhabitat
. • —> In teractions between components o f  the environment to which a given benthic 
sp ec ies  in te ra c ts
— -^ In flu en ce  o f  a given benthic sp ec ies  on the microhabitat
Figure 1. — General r e la t io n sh ip s  between environmental parameters and the m icred istribution  
of a sp ec ies  o f  benthic macroinvertebrate, Lengths o f  l in e s  are proportional to importance 
o f  each parameter (hod ified  a f te r  Cummins and Lauff, 1 0 9 ) .
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thü ''.:uu!ru o i th e  y e h irc r .ts  cr; v.hich e a d h ii; ! '] ie s  were j'our;d in  Saskatchewan  
l a k e s  and t h e i r  c a se  b u i ld in g  r e q u ir e m e n ts ,  huaerous o th e r  p ip e r s  have  
c o r r e l a t e d  th e  d i s t r i b u t i o n  o f  a q u a t ic  i n s e c t s  v/ith th e  occu rren ce  o f  
p a r t i c l e  s i z e s  o f  th e  s u b s t r a t e s  in h a b i t e d  bp i n s e c t s  ( l in d a s k a ,  1942;
Fei.nak and VanGerpon, 1947; Currrdns, 1964; e t c . ) .  Few papers have con­
s id e r e d  a s .p h ip o d -o u b stra te  r e l a t i o n s h i p s .  The i n v e s t i g a t i o n  o f  M arzolf  
(1 9 6 5 ) on th e  deepv;ater arnpnipod Pontoporei ?. i s  im p o rta n t , because  i t  
c o r r e l a t e s  f i e l d  and la b o r a to r y  s t u d i e s  and in c lu d e s  sedim ent a n a l y s i s  
w ith  s p e c i a l  emphasis on th e  r o l e  o f  b a c t e r ia  w ith in  th e  b e n th o s .  The 
P on to o o re ia  were a b le  t o  d is c r im in a t e  between v a r io u s  p a r t i c l e  s i z e s  o f  
bottom s u b s t r a t e s .  Hargrave ( l9 7 0 a  ) dem onstrated th e  a b i l i t y  o f  H y a le l]a  
a n te c a  t o  s e l e c t  sed im en ts  c o n ta in in g  v i a b l e  m ic r o f lo r a  i n  la b o r a to r y  
s u b s t r a t e - c h o ic e  e x p e r im e n ts . V/hen th e  c o n c e n tr a t io n  o f  d iatom s in  s e d i ­
ment v.ras a l t e r e d ,  H yale l l a  chose  s u b s t r a t e s  w ith  th e  h ig h e s t  c o n c e n tr a t io n s  
o f  th e  a l g a e .
The s t u d ie s  o f  flarzol.f (1965) and Hargrave ( l9 7 0 a )  s t r e s s  th e  r o l e  o f  
su b su r fa c e  sedim ent a s  an in f l u e n c e  on m ic r o d i s t r ib u t io n ,  because  th e  f r e s h ­
w ater  amphipods, p a r t i c u l a r l y  .-Tyalella a n t e c a . are n e g a t i v e l y  p h o t a c t i c ,  
r a r e l y  p la n k t c n ic ,  and u s u a l l y  in h a b i t  b e n th ic  sedim ent (P h ipp s, 1915; Pennak, 
1 9 5 3 ) .  Hy a l e l l a  i s  w id e ly  d i s t r i b u t e d  throughout th e  l a k e s ,  stream s and 
ponds o f  Horth America, where i t  i s  o f t e n  a dominant organism (Sm ith , 1952; 
Cooper, 1965; Hargrave, 1 9 7 0 a ) .  In w estern  Montana i t s  d i s t r i b u t i o n  i s  
u s u a l l y  c o n c e n tr a te d  i n  th e  b e n th ic  zone o f  permanent pords and s lo u g h s .
A unique h a b i t a t  f o r  H y a l e l l a . however, o c c u r s  a t  Shandy S lou gh , th e  area  
ch osen  f o r  th e  p r e se n t  s tu d y .  The s lou gh  i s  a warmspring lo c a t e d  about  
two m i le s  c a s t  o f  Bsarmouth, Montana. The s lo u g h  i s  ap p ro x im ate ly  two
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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aci-ea i n  e:ctent and cinL i iriao th e  Clark Fork o f  th e  Colun.bia d iv e r .
Tno water tem perature  a t  tho  sp r in g  o u t l e t  f l u c t u a t e s  o n ly  s l i g h t l y  from  
1 7 .5 ^ 0  and p r o v id e s  a n e a r ly  c o n s ta n t  environm ent i n  t h i s  tem perate  c l i ­
m ate , s in c e  t e s t i n g  in  subzero  w eather showed t h a t  tem perature v a r ie d  no 
more than two d e g r e e s  (V /e ise l ,  19&1). Because soils a r ea s  o f  th e  s lo u g h ,  
fu r t h e r  from th e  so u r c e ,  vary c o n s id e r a b ly  i n  tem perature du rin g  th e  
c o l d e s t  w eather , th e  s tu d y  was conducted i n  th e  ai'ea near th e  sp r in g  
o u t l e t s .  As d e sc r ib ed  by V /eisel and Wev/all (1 9 7 0 ) ,  th e  s lou gh  has a 
r e l a t i v e l y  h igh  ca lc iu m  hardn ess o f  215 ppm and a t o t a l  a l k a l i n i t y  o f  
190 ppm. The pH i s  8 . 2 ,  carbon d io x id e  c o n c e n tr a t io n  i s  30 ppm and th e  
d i s s o lv e d  oxygen c o n c e n tr a t io n  i s  5 ppm. S u lfu r  compounds, however, pro­
v id e  th e  most se v e r e  p h y s ic o c h e m ic a l  l i m i t i n g  f a c t o r  in  th e  pond. Although  
th e  GUl.fate c o n c e n tr a t io n  i s  o n ly  140 ppm, th e  h ig h  c o n c e n tr a t io n  o f  hydro­
gen s u l f i d e  i n  t h e  s o f t  s i l t  bottom  makes th e  b e n th ic  zone too no>dous f o r  
m a c r o in v e r te b r a te s  w ith  the  e x c e p t io n  o f  a few  chironcm id la r v a e .
With th e  bottom o f  th e  s lo u g h  e l im in a te d  a s  a h a b i t a t  f o r  H y a l e l l a . 
th e  amphipods must form a s s o c i a t i o n s  m t h  o th er  s u b s t r a t e s .  A s s o c ia t io n s  
between h ig h e r  p la n t s  and amphipods have been r ep o r ted  by o th er  i n v e s t i ­
g a t o r s .  Keiner and O i l i e r  (1 9 7 0 )  n oted  an a s s o c i a t i o n  between Garnmarus 
f  ossariivn  and Char a f r a c i l i s  i n  th e  Capeau R iv e r ,  F rance. The d i s t r i b u ­
t i o n  o f  Hyal e l l  a a?, t e c  a showed an a s s o c i a t i o n  w ith  a q u a tic  p la n t s  such a s  
Char a . LI ode a and M:/riooh.yllu.rri i n  Sugar l o a f  Lake, M ichigan (Cooper, 1 9 6 5 ) .  
The d i s t r i b u t i o n  o f  H y a le l la  o ver  t h r e e  s p e c i e s  o f  a q u a t ic  p la n t s  was a l s o  
n o ted  by R osine  (1 9 5 5 ) .  He found t h a t  c o n s id e r a b le  v a r ia t io n  e x i s t e d  i n  
th e  e x te n t  to  which the  an im als  were found on eq u a l a r e a s  o f  p l a n t s .  Chara 
d e l i c a t u l a  was found t o  harbor from 1 ,5  to  5 t im e s  a s  many amphipods a s
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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th:  ̂ oLher p l a n t s ,  which f a c t o r  he c o n s id e r s  to  in d ic a t e  a s u b s tr a t e  oref .-ran ee
An e x te n s io n  o f  such s t u d i e s ,  s t r e s s i n g  th e  i.nportance o f  cover  in  
deterndninp; th e  .u ic ro d is  t r i b u t  io n  o f  [{yal e l l a ,  seeras warranted a t  Shandy 
S lo u g h . S in c e  th e  b e n th ic  p o r t io n  o f  th e  s lo u gh  i s  not in h a b ite d  by th e  
amphipods, r e l a t i o n s h i p s  w ith  d i f f e r e n t  p la n t  s p e c i e s  are  th e  o n ly  s u b s t r a t e -  
c h o ic o s  fo r  h y a l e l ] a . In my s tu d y ,  th e  h ig h e r  p la n t  s p e c i e s  a re  co n s id ered  
o n ly  as  s u b s t r a t e s  and n o t  as  a c t u a l  food  f o r  h y a l e l l a . Although e a r ly  
s t u d ie s  (uhibody, 1912; Pennak, 1953) c o n s id e r e d  H y a le l la  t o  be an om nivore, 
more r e c e n t  i n v e s t i g a t i o n s  (Kaushik and Hynes, 1963; Hargrave, 1970a)  
s t r o n g ly  s u g g e s t  t h a t  t h e  d i e t  o f  th e  s p e c i e s  c o n s i s t s  o f  p e r ip h y to n ,  
r a th er  than t i s s '  es  o f  h ig h er  o rg a n ism s. Ky own s t u d ie s  agree  w ith  th e  
l a t t e r  i n v e s t i g a t i o n s .  In my la b o r a to r y  o b s e r v a t io n s  o f  f e e d in g ,
H /yalella  l e f t  th e  r o o t s  o f  Lemna and s t a l k s  o f  Ghana untouched w h ile  
g r a z in g  th e  p e r ip h y to n .
The purpose o f  th e  p r e s e n t  s tu d y  i s  t o  i n v e s t i g a t e  how amphipod- 
s u b s t r a te  r e l a t i o n s h i p s  are  p e r t in e n t  t o  th e  d i s t r i b u t i o n  o f  H y a le l la  a t  
Shandy S lo u g h , and more s p e c i f i c a l l y :
1 .  t o  undertake p r e l im in a r y  i n v e s t i g a t i o n s  o f  th e  community compo­
s i t i o n  o f  th e  s lo u g h , w ith  em phasis on th e  m a cro in v erteb ra te  p o p u la t io n s  
and p ro b a b le  p r e d a to rs  o f  H y a le l la  a z te c a
2 .  to  acte;.'pt to  d eterm in e  whether th e r e  be dem onstrable  a s s o c i a t i o n s  
between Hyal e l  I. a and s p e c i f i c  p la n t  s p e c i e s  ( s u b s t r a t e s )
3 .  to  i n v e s t i g a t e  how o th e r  anim al p o p u la t io n s ,  p a r t i c u l a r l y  the  
p r e d a t o r s ,  m ight i n f l u e n c e  t h e  s e l e c t i o n  o f  any s u b s tr a te  by H y a le l la . .
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F ie ld  data  were c o l l e c t e d  a t  Shandy S lough from October, 1970  
through June, 1971; a lth o u g h  th e  m a jo r i ty  o f  th e  sam pling v/as from 
March through  June. The data  were c o l l e c t e d  n o t  o n ly  to  determ ine  
i f  s p e c i f i c  a s s o c i a t i o n s  e x i s t e d  between H y a le l la  a z te c a  and th e  h ig h er  
p l a n t s ,  but a l s o  t o  su rv ey  th e  s lou gh  corcmuniLy, For th e  community 
co m p o sit io n  i n v e s t i g a t i o n s ,  em phasis was p la c e d  on th e  e c o l o g i c a l  
dom inants, th o s e  s p e c i e s  a t  each tr o p h ic  l e v e l  which l a r g e l y  c o n tr o l  
th e  energy  f lo w  by v i r t u e  o f  t h e i r  numbers, s i z e  or a c t i v i t i e s  (Odum, 
1 9 5 9 ) .  C on cen tra tin g  on t h e s e  dominants p r o v id e s  a s i g n i f i c a n t  amount 
o f  in fo r m a tio n  about com m u nities , a s  w e l l  a s  s p e c i f i c  p o p u la t io n s .
Trophic l e v e l s  r e f e r  t o  p o s i t i o n s  in  th e  l i n k s  o f  food  c h a in s .  W ithin th e  
seq u en ces  o f  a food  c h a in ,  a n im a ls  t h a t  produce or convert th e  same 
food  en ergy  a re  c o n s id e r e d  t o  be i n  th e  same t r o p h ic  l e v e l .  Numbers 
o f  l i n k s  i n  such c h a in s  are  v a r ia b le  but t h r e e  t o  f i v e  tro p h ic  l e v e l s  a re  
common (W h ittak er , 1 9 7 0 ) .  In  my stu d y  r e f e r e n c e  i s  made to  fo u r  l e v e l s .
Tho sam ples were c o l l e c t e d  u s in g  a sm a ll  hand s i e v e  w ith  an o u t s id e  
d iam eter  o f  2^ cm and mesh o p en in g s  o f  0 .5  num. With such a sm a ll  sam ple, 
t h e  m a c r o in v e r te b r a te s  were measured o n ly  i n  term s o f  r e l a t i v e  abundance,
6
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r a th e r  than tr u e  d e n s i t y .  For r e a so n s  t h a t  v r i l l  be s t a t e d  l a t e r ,  on ly  
two s p e c i e s  o f  p l a n t s ,  Lerr a riir.or (duckweed) and Chara vul rari s . a 
l a r g e  g r ee n  a lg a  vdth  a l i f e  forni r e se m b lin g  th a t  o f  h ig h er  p l a n t s ,  
were c o l l e c t e d .  Care was tak en  to  c o l l e c t  random sam ples o f  both  sub­
s t r a t e s  on t h r e e  d i f f e r e n t  d a t e s .  T h is  ensu red  th a t  th e  b e s t  p o s s i b l e  
v a lu e s  w i t ’n in  th e  s tu d y  area  were b e in g  m easured. Samples were taken  
ev ery  fo u r  hours on each d a te ;  and on A p r i l  1 0 , th e  s u b s t r a t e s  were 
sampled eve:*y fou r  hours f o r  a tw e n ty - fo u r  hour p e r io d .  The sam ples  
were a l l  c o l l e c t e d  from near th e  s u r fa c e  o f  the water by p la c in g  th e  
s i e v e  under th e  p la n t ,  r a i s i n g  th e  r e s u l t i n g  sample above th e  water  
l e v e ] , and removing a l l  p la n t  m a te r ia l  o u t s id e  o f  th e  s i e v e  by pounding  
around th e  edge w ith  a sm all p i e c e  o f  wood. The sam p les , c o n s i s t i n g  
o f  t h e  p la n t  and a s s o c i a t e d  m a c r o in v e r te b r a te s ,  were em ptied i n t o  p l a s ­
t i c  c o n ta in e r s  and r e tu rn ed  t o  th e  la b o r a t o r y  a t  th e  U n iv e r s i t y  o f  Montana. 
The in v e r t e b r a t e s  were sep a ra ted  from th e  p l a n t s ,  i d e n t i f i e d ,  p la ced  i n  
s i z e  c l a s s e s  and enum erated. The b iom ass o f  s u b s tr a t e  and animal s p e c i e s  
i n  each sample was reco rd ed  a s  dry w eight a f t e r  p la c in g  th e  sam ples i n  a 
d r y in g  oven fo r  tw e lv e  hours a t  60°C and w e ig h in g  them t o  th e  n e a r e s t  0 .1  mg 
on a Met t ier  s i n g l e  pan b a la n c e .
LAB01AÎ01Y SUBSTRATE SELECTION '
As a fo l lo w -u p  t o  th e  f i e l d  s tu d y  o f  s u b s t r a t e - c h o ic e ,  H y a le l la  
a z te c a  was a llo w ed  in  th e  la b o r a to r y  t o  s e l e c t  th e  coiiviion s u b s t r a t e s  
c o l l e c t e d  from th e  s lo u g h .  For th e  d e t e r m in a t io n s ,  a 60 X AO X 10 cm 
e n a m elc l  pan was s c a le d  o f f  i n t o  fou r  eq u a l s e c t i o n s  by g l a s s  p a r t i t i o n s .  
Each o f  th e  fo u r  s e c t i o n s  co u ld  be fu r th u r  d iv id e d  i n t o  q u a r t e r - s e c t io n s
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V,y ru::ov:iblc n l e x l ’ l a c s  p l a t e s .  Four G u b s tr a te -c h o ic c  ex%)ori:: erits 
c ou ld  th u s  be conducted s i  mult a ne ou s l y  ; unci in  each o f  th e  fo u r  s e c t i o n s ,  
fo u r  d i f f e r e n t  s u b s t r a t e s  or com b in ation s o f  s u b s tr a t e s  co u ld  be t e s t e d .
The bottom s o f  each q u a r t e r - s e c t io n  were covered w ith  a u to c la v ed  
sed im en t ,  e x c e p t  f o r  one q u a r t e r - s e c t io n  in  each s e c t i o n  which was covered  
w ith  u n tr e a te d  sed im en t . The u n tr e a te d  sedim ent had been a e r a te d  for  
tw enty-fo 'ur hours t o  remove most o f  th e  hydrogen s u l f i d e .  H y a le l la  could  
t h e r e f o r e  choose  a su b su r fa c e  sed im ent vd.th o rg a n ic  m a te r ia l  i n  th e  same 
p r o p o r t io n s  a s  i t  i s  found a t  Shandy S lou gh , vrithout th e  n o x io u s  gas  b e in g  
p r e s e n t .  A l l  sed im en ts  were u n ifo rm ly  2 cm i n  d ep th . Each s e c t io n  was 
th en  f i l l e d  w ith  w ater from th e  s lou g h  t o  a depth o f  8 cm by s lo w ly  adding  
t h e  w ater  from one end so  t h a t  th e  sed im ent was u n d is tu rb ed . In each s e c ­
t i o n  f r e s h  sam ples o f  Lerr.na and Char a were added in  s u f f i c i e n t  q u a n t i ty  
t o  each f i l l  a q u a r t e r - s e c t i o n .  The rem ain ing  q u a r t e r - s e c t io n s  con­
t a i n i n g  o n ly  a u to c la v e d  sed im ent serv ed  a s  c o n t r o l s .  The pan was p la c ed  
i n  an en^-ironrmntal chamber a t  16°C i n  c o n s ta n t  d a rk n ess ,  and t h i r t y -  
two a d u l t  Hya j. o i l  a were e v e n ly  d i s t r i b u t e d  a lo n g  th e  s u r fa c e  o f  each  
s e c t i o n .  A fte r  t w e r t y - f o u r  hours th e  p l e x i g l a s s  p l a t e s  were added and 
t h e  number o f  amphipods w i th in  a q u a r t e r - s e c t io n  were enum erated.
PHE3ATI0%
P re d a tio n  or o th e r  p o p u la t io n  and community r e l a t i o n s h i p s  o f t e n  
a f f e c t  th e  o ccu rren ce  and s u r v iv a l  o f  organ ism s in  nature  a s  much a s  do 
t h e  d i r e c t  a c t io n  o f  ch em ica l or  p h y s i c a l  f a c t o r s .  Samples o f  a d u lt  
f i s h  were c o l l e c t e d .  I n d iv id u a ls  were s e in e d  from t h r e e  d i f f e r e n t  
g r o u p s ,  i l l  near th e  sp r in g  o u t l e t s .  Stomach c o n te n t s  were examined.
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and th^ pruy id u i i t iJ ic d  it;d p la c ed  in  c ia e  c la s n e c .  Other p o t e n t i a l  
p ra d a tcra  such a s  d a e .s e ir iy  n a ia d s  w^re iound in  a l l  s u b s t r a t e s  a t  
Shandy S lough where anphipods were abundant. P red a tio n  was d i f f i c u l t  
t o  o b ser v e  and e v a lu a te  b eca u se  o f  th e  n a tu re  o f  th e  s u b s t r a t e s  a t  th e  
s lo u g h ,  dense  Ch ira and Lcr.r.a r ia ts .  T h e r e fo r e ,  la b o r a to r y  experim en ts  
wore s o t  up to  attem pt to  measure th o  i n f l u e n c e  o f  th e  od o n ates  on the  
amphipod p o p u la t io n .  V arious d e n s i t i e s  o f  amphipods were p la c e d  in  
c o n t a in e r s  w ith  i n d iv i d u a l  n a ia d s  t h a t  had been s ta r v ed  fo r  tw e n ty -fo u r  
h o u rs .  D a p jija  ü jfi ,  an o th er  i n v e r t e b r a t e  from th e  s lo u gh  and p o t e n t i a l  
p rey  fo r  th e  Odonata, was a l s o  t e s t e d .
GROWTH RATE3
Laboratory  exp er im en ts  were conducted  t o  determ ine th e  e f f e c t  o f  
d i e t  on th e  grov/th o f  H y a l e l l a . By comparing growth r a t e  d i f f e r e n c e s ,  
in f e r e n c e s  can be made a s  t o  v;hether s u b s t r a t e  s e l e c t i o n  i s  dependent  
upon abundance. P la n t s  v.dth a t ta c h e d  p e r ip h y to n  were brought from th e  
s lo u g h .  A fte r  removing a l l  m a c r o in v e r te b r a te s  and la r v a e ,  d u p l i c a t e  
c u l t u r e s ,  u s in g  Chara and Lemna, were each e s t a b l i s h e d  i n  2000 ml e r l e n -  
meyer f l a s k s ,  f i l l e d  -with 1000 ml o f  a u to c la v e d  vmter from t h e  s lo u g h .  
Composite c u l t u r e s ,  c o n ta in in g  both  p la n t  s p e c i e s  and a e ra ted  sed im ent,  
were a l s o  m ainta ined  in  d u p l i c a t e .  A fte r  d e term in in g  average  dry w eight  
v a lu e s  f o r  e a r ly  i n s t a r  amphipods o f  a p p ro x im a te ly  2 .5  mm t o t a l  l e n g t h ,  
tw e n ty  H y a le l la  i n  t h i s  s i z e  c l a s s  were added t o  each c u l t u r e .  The f l a s k s  
were th en  c o v e r e d ,  a e r a te d  and h e ld  a t  20°C (%2°) on a tw e lv e  hour  
l i g h t - d a r k  c y c l e .  A la r g e  G eneral E l e c t r i c  "Gro Lux'* aquarium lamp 
was used  f o r  i l l u m i n a t i o n .  Equal amounts o f  f r e s h  s u b s t r a t e  were added
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e v c r y  tierce to  f i v e  d a y s ,  /amounts o f  s u b s t r a t e were measured a s  damp-dry 
w e ig h t ,  which i s  a s ta n d a r d iz e d  measure e s t a b l i s h e d  by p r e s s in g  th e  
sam ples betw een  Vihatman d o . 1 f i l t e r  paper under a p e t r i  d is h  f o r  one  
m inute b e f o r e  w e igh in g  (H argrave, 1 9 7 0 b ) .  A f te r  a predeterm ined  tim e  
p e r io d ,  amphipods from a l l  c u l t u r e s  were removed, oven d r ie d  and w eighed. 
Growth r a t e s  were c a lc u la t e d  by  comparing amphipod mean dry w e ig h t a t  
t h e  b e g in n in g  and end o f  th e  tim e p e r io d .
Chara and Lemna were b oth  a n a ly zed  f o r  o r g a n ic  c o n te n t ,  u s in g  th e  
te c h n iq u e  o f  Conover (1 9 6 6 ) .  The p la n t s  were h e a te d  f o r  tw e lv e  hours  
a t  45°C t o  o b ta in  d ry  w e ig h ts  and th en  ashed  i n  a m u ff le  fu rn ace  a t  4 5 0 °C 
f o r  one h ou r , A sh - fr e e  d ry  w e ig h ts  were determ ined by s u b tr a c t in g  th e  
amount o f  a sh  from th e  dry  w e ig h t .  P ercen ta g e  o f  o rg a n ic  c o n te n t  fo r  
each s u b s t r a t e  was d e r iv e d  by d iv id in g  th e  a s h - f r e e  w eight by th e  dry  
w eig h t and m u l t ip ly in g  by 1 0 0 .
S e v e r a l  a s s i m i l a t i o n  exp er im en ts  u s in g  b oth  s u b s t r a t e s  were conducted to  
e s t a b l i s h  t h a t  t h e  d i e t  o f  H y a le l la  c o n s i s t s  o f  p e r ip h y to n  r a th e r  than th e  
t i s s u e s  o f  Lemna and Chara. For each ex p er im en t, f i f t e e n  a d u lt  H y a le l la  were  
p la c e d  i n  c u l t u r e s  c o n ta in in g  f r e s h  Lemna or  Ghana and 300 ml o f  a u to c la v e d  
w a te r .  A f te r  tw e lv e  h o u rs ,  f e c a l  p e l l e t s  from b o th  c u l t u r e s  were c o l l e c t e d  
and a l s o  a n a ly z ed  f o r  p e r c e n ta g e  o f  o r g a n ic  c o n t e n t ,
H y a le l la  a s s i m i l a t e s  most o rg a n ic  m atter  (e x c e p t  b lu e -g r e e n  a l g a e )  w ith  
n e a r ly  t h e  same e f f i c i e n c y  (H argrave, 1 9 7 0 b ) .  I f  f e c a l  p e l l e t s  from both  
th e  Lemna and Chara c u l t u r e s  c o n ta in  n e a r ly  th e  same p ercen ta g e  o f  o rg a n ic  
m a tte r ,  th e  H y a le l la  must be i n g e s t i n g  fo o d s  i n  both  c u l t u r e s  th a t  a r e  v e r y  
s i m i la r  in  p e r ce n ta g e  o f  o r g a n ic  c o n t e n t .  The p e r ce n ta g e  o r g a n ic  c o n te n t  o f  
many s p e c i e s  o f  a lg a e  i s  s i m i la r  (P a rso n s ,  S tep h en s  and S t r ic k la n d ,  1 9 6 1 ) .
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T % and Chara, hov/avjr, d i f f e r  s i g n i f i c a n t l y  i n  pcrcan taga  o f  org a n ic  
c o n t G r : t  beca u se  o f  la r g o  aa.ounta o f  c a lc iu m  In th e  t i s s u e s  o f  Chara. Con­
s i s t a n t  v a lu e s  in  th e  p e r ce n ta g e  o rg a n ic  c o n te n t  o f  f e c a l  p e l l e t s  from both  
c u l t u r e s  would t h e r e f o r e  su g g e s t  th a t  h y a l e l l a  i n g e s t s  pei'iphyton r a th e r  
than th e  t i s s u e s  c f  the  s u b s t r a t e s .
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RESULTS 
CO/EUJ.'.ITY CO’ffOSITIÛ.V
P r e lim in a r y  sam p lin g  in  th e  l a t e  f a l l  and e a r l y  v d n ter  o f  1970-71  
in d ic a t e d  t h a t  th e  ani;nal comrminity a t  Shandy Slough c o n ta in e d  few  
s p e c i e s .  O b ser v a t io n s  and sam pling i n  th e  sp r in g  and e a r l y  summer months 
confirm ed t h a t  th e  number o f  s p e c i e s  a t  th e  s lou gh  d u r in g  t h i s  t im e o f  
yea r  i s  a l s o  low er  than i n  s im i la r  c o ld  w ater com m u nities . Constant  
tem perature  i n  a q u a t ic  com m unities o f t e n  m in im izes  th e  numbei' o f  s p e c i e s  
w ith in  a community (Odun, 1 9 5 9 ) .  The tem perature  a t  th e  sp r in g  o u t l e t s  
f l u c t u a t e d  l i t t l e  from 1 7 . 5^C. However, most o f  th e  m a c r o in v e r te b r a te s  
were c o n c e n tr a te d  near  th e  w ater s u r f a c e ,  where th e y  may be n e a r ly  a 
m eter above or s e v e r a l  m eters  away from  a sp r in g  o u t l e t .  A lso  th e  su r­
f a c e  tem p era tu res  may v a ry  c o n s id e r a b ly  w ith  extrem es in  a i r  tem p era tu re .  
T h er e fo r e ,  tem p era tu res  wei’e tak en  one c e n t im e te r  below  th e  s ’u r fa c e  over  
a tw e n ty - fo u r  hour p e r io d  d u r in g  su b fr e e z in g  w ea th er . The r e s u l t s ,  i l l u s ­
t r a t e d  i n  F igu re  2 , show t h a t  a lth o u g h  th e  a i r  tem perature  dropped con­
s id e r a b ly  du rin g  th e  n i g h t ,  th e  su r fa c e  tem p erature  changed v e r y  s l i g h t l y .  
Average tem p era tu res  and th e  a v era g e  depth  above which measurements were 
tak en  a r e  a l s o  shown. A l l  p o ir its  on th e  graph a r e  means o f  a t  l e a s t  th r e e  
v a l u e s .
12
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
CD■D
O
Q.
C
ga.
■D
CD
c/)w
o '3
o
8
ci'
3
3"
CD
CD■D
O
Q.
C
aO
3
■D
O
CD
Q.
■D
CD
C/)
C/)
bottom
surface
+10 —
a ir -50
“10
2000 0800 12001600
Depth
(cm)
Time
Figure 2, — Water and a ir  temperatures a t  Dhandy Slough on April 10 and 
11, 1971. Lines i l l u s t r a t e  temperature v a r ia t io n s ,  and bars d ep ic t  average 
depth above which surface temperatures were taken.
I k
s e v e r a l  rr .acroinvertebrato  ia:o’i ,  cofrinon i n  no s t  a q u a t ic  ccn n u n i-  
t i e s  i n  w estern  Montana, were not found a t  Shandy S lou^n. The most 
o b v io u s  m i.ssing p o p u la t io n s  are  th o s e  o f  th e  nphemeroptera and P le c o p te r a  
l a r v a e .  The e x c lu s io n  o f  th e s e  p o p u la t io n s  i s  to  be e x p e c te d ,  however, 
b e c a u se  t h e s e  organism s arc  f o r  th e  most p a r t  b e n th ic  and u s u a l l y  in h a b i t  
l o t i e  a r e a s .  A quatic  C o leo o tera  a re  a l s o  r a r e l y  p r e s e n t .  Larvae and 
a d u l t s  from th e  D y t i s c id a e  and G yrin idae f a m i l i e s  are  v e ry  abundant i n  o th e r  
ponds and s lo u g h s  o f  t h i s  r e g io n  even in  summer months when w ater tem p eratu res  
may be eq u a l or  above t h o s e  c h a r a c t e r i s t i c  o f  Shandy S lo u g h . The o n ly  b e e t l e s  
in h a b i t in g  th e  s lou gh  in  s i g n i f i c a n t  numbers a r e  sm all se m i-a q u a t ic  s p e c i e s .
A p r e d a to r y  herripteran , Ambrysus mormon (h a u c o r id a e ) ,  was r a r e l y  c o l l e c t e d  
a t  Shandy S lo u g h , a lth o u g h  t h e  s p e c i e s  i s  q u i t e  common a t  Nimrod Warmsprings, 
which i s  o n ly  a few  m i le s  w est  o f  th e  s lo u g h .  S e v e r a l  p o p u la t io n s ,  which a r e  
p r e s e n t  d u r in g  warm w e a th e r ,  were a l s o  m is s in g  du rin g  th e  months when mosc 
o f  th e  p r e s e n t  s tu d y  was co n d u cted . Gopepods and Daphnia s o .  were p r e se n t  
i n  th e  p lan k ton  and a l g a l  p a tc h e s  o n ly  a f t e r  l a t e  A p r i l .  The n e k to n ic  
hem ipteran  f a n d l i e s ,  N o to n e c t id a e ,  C o r ix id a e  and G err id a e , began app earing  
i n  sam ples a t  th e  same t im e ,  when s u b fr e e z in g  a i r  tem p eratu res  were l e s s  
common. The o n ly  m a c r o in v e r te b r a te s  knoivn t o  be p r e s e n t  i n  a p p r e c ia b le  
' numbers and c o l l e c t e d  t h e  year-rou n d  were H'/'al e l l a  a z t e c a , d a m s e lf ly  la r v a e  
and s n a i l s .  The s n a i l s  were d i s t r i b u t e d  e v e n ly  a c r o s s  a l l  p la n t s  a t  th e  
s lo u g h  and were c o n s id e r e d  unim portant i n  i n f l u e n c in g  s u b s t r a t e  s e l e c t i o n  
by H y a l e l l a . Because o f  t h i s ,  I  d e s ig n a te d  th e  H y a le l la  and d a m s e l f ly  popu­
l a t i o n s  a s  t h e  e c o l o g i c a l  dom inants o f  t h e  h e r b iv o r e  and prim ary c a r n iv o r e  
t r o p h ic  l e v e l s ,  r e s p e c t i v e l y ,  d u r in g  my s tu d y .  They were so  a s s ig n e d ,  n o t  
o n ly  b eca u se  o f  t h e i r  l a r g e  s ta n d in g  crop d u r in g  my stu d y  p e r io d ,  but a l s o
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bocaUoo- o f  t h e i r  ir if luor.ce  on tho t r a n s f e r  o f  enor.ey throu:''h th e  a q u a t ic  
coirjnunity through out tne  y e a r .  Hyal o i l  a specim ens brooding e r g s  were 
c o l l e c t e d  a s  l a t e  a s  'uvcmber and aga in  in  February sam ples, s u g g e s t in g  
t h a t  j u v e n i l e s  are  b e in g  added to  th e  p o p u la t io n  tlir-cughout most o f  th e  
y e a r .  Such a prolonged  grow ing sea son  i s  u n u su a l ,  because H y a le l la  nor­
m a lly  c a r r i e s  broods o n ly  from sp r in g  u n t i l  l a t e  f a l l  (Cooper, 1 9 6 5 ) .  The 
l i f e  c y c l e  c f  th e  d a m s e l f l i e s  was a l s o  m o d if ie d ,  w ith  e a r ly  i n s t a r  an im als  
b e in g  c o l l e c t e d  i n  February sam ples and a d u l t s  appearing  i n  th e  sp r in g  a t  
an e a r l i e r  d a te  than was noted  in  c o ld  w ater  com m unities near th e  s lo u g h .
h a iad s o f  th e  o th e r  suborder o f  Odonata, A n isop tera  ( d r a g o n f l i e s )  
were a l s o  c o l l e c t e d ,  but in  numbers f a r  l e s s  than th e  d a m s e l f l i e s .  Over 
a thousand d a m s e l f l i e s  were c o l l e c t e d ,  but o n ly  t h i r t e e n  o f  th e  A n iso p tera  
were ever  c o l l e c t e d ,  and t h e s e  were a l l  tak en  w ith  th e  Chara sam p les.
Another amphipod s p e c i e s ,  Q-armr.arus l a c u s t r u s . was a l s o  c o l l e c t e d ,  but  
spec im ens were taken  in  o n ly  seven  o f  f o r t y - o n e  sam ples and never  i n  num­
b e r s  comparable to  t h o s e  o f  H y a le l la . B ecause o f  t h i s ,  I  d id  n o t  c o n s id e r  
Garrmarus t o  be an i n f l u e n c e  on th e  s u b s t r a t e  r e l a t i o n s h i p s  o f  H y a le l l a .
S e v e r a l  s p e c i e s  o f  f i s h  in h a b i t  th e  s lo u g h .  Squawfish (P ty c h o c h e l l u s  
o r e g o n e n s i s ) .  su c k e r s ,  ( Catostorrus c a to s to m u s) . and brown tr o u t  (Salno  
t r u t t a ) a re  c o n c e n tr a te d  in  a r e a s  near th e  s lo u g h * s  en tran ce  i n t o  th e  
Clark Fork R iv e r .  The o n ly  s p e c i e s  t h a t  i n h a b i t s  th e  area  near t h e  sp r in g  
o u t l e t s  i n  any s i g n i f i c a n t  numbers i s  th e  r e d s id e  s h in e r ,  R ich ard son iu s  
b a l t e a t u s  (VJeisel, 1951 ) .  S in c e  t h e  m a jo r i t y  o f  my f i e l d  data  was c o l l e c t e d  
a t  a t im e  which c o in c id e d  w ith  th e  s h in e r * s  spawning, th e  f i s h  were o f t e n  
p r e s e n t  i n  s c h o o ls  o f  t h i r t y  to  f i f t y  i n d iv i d u a l s  i n  p o o ls  near th e  s p r in g s  
and my o b s e r v a t io n s  i n d i c a t e  t h a t  th e y  were th e  dominant secondary c a r n iv o r e s .
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A ü i r l ]  :tr ’• o i r r . p l s i t u a t i o n  e x i s t a i  in  ui.e p la n t  p o r t io n  o f  th e  
con;',unity d u r in g  the  r.enths o f  c o ld  tem p era tu re . In surur.er inonths, vdth  
lo n g e r  p h oto p er iod  l e n g t h ,  th e  s lou gh  nay be f i l l e d  w ith  X:,-r j oohyllum  
(w ater  m i l f c i d ) ,  la d i  col a (w ater c r o s s ) ,  and Soirop.yra . a f i la m e n to u s  
greet: a l g a e .  L e n a  minor and Chara v ia lg a r is  a rc  p r e s e n t  but are  n o t  
n e a r ly  a s  o b v io u s .  During th e  w in ter  and e a r ly  s p r in g ,  however, when 
f i e l d  sam pling -was c o n c e n tr a te d ,  t h e s e  l a t t e r  two p la n t s  w ere, w ithou t  
q u e s t io n ,  th e  dominant s u b s t r a t e s  in  t h e  sp r in g  r e g io n  o f  the s lo u g h .  For 
t h i s  r e a s o n ,  th o se  two p l a n t s ,  a lo n g  w ith  t r e a te d  su b su r fa ce  sed im en t,  
were s e l e c t e d  t o  be th e  s u b s t r a t e s  u sed  in  a l l  su bseq uent s t u d ie s  o f  sub­
s t r a t e  s e l e c t i o n .
Samples o f  Le-na or Ch.aiva t o g e t h e r  w ith  a s s o c i a t e d  m a c r o in v e r te b r a te s  
were c o l l e c t e d  on th e  t h r e e  major sample d a t e s .  Samples o f  each s u b s t r a t e  
were taken  from two d i s t i n c t  h a b i t a t - t y p e s .  For Chara. sam ples were  
ta k e n  v / ith in  mats which were shaded by Lemna and a l s o  from uncovered  
a r e a s .  S i m i la r l y ,  Lemna sam ples were taken  from a g g r e g a t io n s  t h a t  had 
Chara p a tc h e s  d i r e c t l y  be low  and from a r e a s  w ith o u t th e  a l g a e .  The r e s u l t s ,  
i l l u s t r a t i n g  numbers o f  H y a le l la  and d a m s e l f ly  n a ia d s  c o l l e c t e d  on th e  s p e c i ­
f i e d  d a t e s ,  a r e  com piled  i n  T ab les  1 and 2 .  The numbers o f  la r v a e  o f  
Chironomldae c o l l e c t e d  wiuh th e  A p r i l  10 and 11 sam ples were a l s o  enum erated, 
s i n c e  t h e s e  D ip tera  l a r v a e  were th e  o n ly  o th e r  m a c r o in v e r te b r a te  p o p u la t io n  
c o l l e c t e d  i n  numbers g r e a t  enough t o  be c o n s id e r e d .  Chironomid la r v a e  have  
f e e d i n g  p r e f e r e n c e s  s i m i la r  t o  H ya leT la . so  th e y  would a l s o  be in c lu d e d  
w it h in  th e  second t r o p h ic  l e v e l  o f  th e  s lo u g h ' s  food  web. Each o f  t h e  popu­
l a t i o n s  were sep a ra ted  i n t o  t h r e e  b a s i c  s i z e  c l a s s e s ,  a c c o r d in g  t o  t o t a l  
l e n g t h .  The b a s ic  c a t e g o r i e s  o u t l in e d  by Cooper ( l9 o 5 )  were u sed  t o  c l a s s i f y
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Tiie 0 . 0 - 2 . Ï rji s i z i  c l a s s  encom passes a; " a l l  juv^ r.ile"  c a t s -
C o ry , The 2 . 5 - 5 . 0  rrm group ro u g h ly  r e p r e s e n t s  tho young a d u lt  c a te g o r y ,  
and a n im a ls  5 . 0  njn and la r g e r  are  a d u l t s  from th e  p rev io u s  summer or f a l l .  
The d e v e lo p s .e n ta l  s t a g e s  o f  th e  d a m s e l f l i e s  wore a l s o  c a te g o r iz e d .  D am sel-  
f l d o s  in  th e  0 . 0 - 1 0 , 0  ir.m s i z e  c l a s s  were t h e  young, r e c e n t l y  hatched  group. 
The 1 0 . 0 - 2 0 . 0  rrm i n d i v i d u a l s  were r o u g h ly  in ter ; ,  ed ie.te  i n s t a r s  n o t  l i k e l y  
t o  emerge i n  th e  near f u t u r e ,  and thcs\j  2 0 . 0  czr. and la r g e r  were c o n s id e r e d  
th e  l a t e  i n s t a r  s t a g e s ,  p r e p a r in g  to  em erge. Chironomid la r v a e  were a l s o  
se p a r a ted  i n t o  th r e e  s i z e  c l a s s e s .  The t o t a l s  in  T ables 1 and 2 i n d i c a t e  
t h a t  h ig h e r  numbers o f  both  - t . /a le l la  and d a m s e l f l i e s  were a s s o c ia t e d  w ith  
th e  Lggna s u b s tr a t a .
PREDATION
The h ig h er  number o f  an im als  a s s o c i a t e d  w ith  th e  Lemna s u b s tr a te  
i s  summarized i n  Table  3 ,  which a l s o  d e p i c t s  a h igh er  r a t i o  o f  d a m s e l f l i e s  
to  H y a le l la  in  a s s o c i a t i o n s  v .ith  Chara sa m p les .  G en er a lly  sp ea k in g , t h e r e  
were t h r e e  H v a le l la  f o r  e v e r y  two d a m s e l f ly  n a ia d s  taken  w ith  th e  Lemna. 
v e r s u s  one H y a le l la  f o r  e v er y  t h r e e  d a m s e l f l i e s  i n  Chara. A p r o p o r t io n a l ly  
g r e a t e r  nuaber o f  p r e d a to r s ,  th e n ,  were found i n  Chara. However, t h e s e  
numbers r e p r e s e n t  th e  s ta n d in g  crop  f o r  a l l  s i z e s  o f  both  prey and p r e d a to r  
p o p u la t io n s .  As was found i n  l a t e r  p r e d a t io n  experim ents i n  the  la b o r a t o r y ,  
th e  m a jo r i ty  o f  p r o d a t io n  was by d a m s e l f l i e s  la r g e r  than  1 0 . 0  mm upon amphi­
pods sm a lle r  than 2 .5  mm in  l e n g t h .  (See  b e lo w ) .  I f  an im als o n ly  w i t h in  
t h e s e  s i z e  c l a s s e s  a re  c o n s id e r e d ,  a measure o f  " e f f e c t i v e  p r ed a t io n "  can  
be d e r iv e d  f o r  both s u b s t r a t e s .  The r a t i o  o f  d a m s e l f l i e s  to  amphipods then  
becomes 1 .5  i n  Lemna and 6 . 6  in  Chzra. showing an even h ig h er  p r o p o r t io n  o f
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pru-i.jiLoro i n  Chai-2, t h u n  v.c..-: b r o u r h l  ouL Ly da ia . i n  T a b le  j .
A d irec t ,  e f f e c t  o f  d a m o e lf ly  r.aiado upon th e  ar.phipod p o p u la t io n  
v/as e s t ir u ite d  by la b o r a to r y  e x p e r im en ts .  P r e l i m i n a r i l y ,  d i f f e r e n t  numbers 
and s i z e s  o f  an.phipods were p la ced  in  b eak ers  w ith  v a r io u s  s i z e s  o f  n a ia d s  
(n r a l l a f  a s o . ) t h a t  had been s ta rv ed  f o r  at l e a s t  tw e n ty -fo u r  h o u rs .
These i n v e s t i g a t i o n s  showed l )  th a t  d a m s e l f l i e s  sm a ller  than 1 0 .0  rm in  
l e n g t h  r a r e ly  a ttem p ted  to  captui-e arruhipods, and 2 ) t h a t  th e  la r g e r  dam­
s e l f l i e s  cou ld  r a r e l y  ca p tu re  amphipods t h a t  were over  2 . 5  mm i n  l e n g t h .  
T h er e fo r e ,  su bseq uent exp er im en ts  were conducted o n ly  w ith  Ena11 arma n a ia d s  
l a r g e r  than 1 0 . 0  mm and w ith  th e  s m a l l e s t  s i z e  c l a s s  o f  H y a le l l a .
The f i r s t  p r e d a t io n  t r i a l s  were conducted i n  500 ;nl b e a k e r s ,  each  
c o n ta in in g  one d a m s e l f ly  and 300 ml o f  pond w a te r .  V ar ious numbers o f  
H y a le l la  were u sed ;  r e s u l t s  arc  i n  th e  f i r s t  h a l f  o f  Table 4 . The t a b l e  
show s, n o t  o n ly  how many s u c c e s s f u l  c a p tu r es  were made by each n a ia d ,  but 
a l s o  how many timies th e y  a ttem p ted  t o  cap tu re  an amphipod, "Attempts^* 
were r ec o r d e d  whenever a na iad  * s labium  was ex tend ed  and made c o n ta c t  
w ith  an amphipod, w ith o u t  a s u c c e s s f u l  ca p tu re  r e s u l t i n g .  Prey in d iv i d u a l s  
were r e p la c e d  whenever one was ca p tu red , so  t h e i r  numbers remained c o n s ta n t .  
A fte r  t r i a l s  w ith  d i f f e r e n t  d e n s i t i e s  o f  H y a l e l l a . i t  was n o t ic e d  th a t  th e  
g e n e r a l  a c t i v i t y  o f  th e  nr.a 11  arma n a ia d s  o f t e n  in c r e a s e d  and l e s s  d i r e c t  
food  c a p tu r in g  moves were made when amphipods began to  c l i n g  to  th e  p red a to r* s  
appendages or d o r sa l  s u r f a c e .  As o f t e n  a s  n o t ,  n a ia d s  seemed to  s t r i k e  in  
an e f f o r t  t o  remove th e  amphipods r a th e r  th an  i n  an e f f o r t  to  ca p tu re  p r e y .  
T h is appeared t o  cau se  t h e  p e r c e n ta g e  o f  s u c c e s s f u l  c a p tu r es  t o  d e c r e a s e .
To a l l e v i a t e  th e  s i t u a t i o n  a s  much as  p o s s i b l e ,  t r i a l s  were conducted  i n  
s h a l lo w  p e t r i  d i s h e s  (11 cm d ia m e ter )  wl-th s t a l k s  o f  Char a added. The s t a l k s
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i c  I. T c.su ltr  o f  la b o r a to r y .t ic n  b” da n ss lT l y n a iad s  upon
j u v e n i l e  My-l T r ia l s were cond ucued Tor
t h i r t y  n inut^ s ,  naiad s t h a t n 'j a j \,r n i s s i  ted Tor
t'-.’e n ty - f o u r he air s *
T r ia l huaber c f At tamoted cu ccessT u l ]k;."ccataye
l y a l s l l a c tu r e s c antu r c s k UXV_* kw Ô <&.
300 M1  beaker w ith no Char a s t a l k s
1 10 u 1 2 3 .0
2 10 > 1i» 2 0 .0
3 10 3 2 6 6 . 7
it 20 11 5 U3.3
ct 20 17 6 U7.0
5 20 9 1 1 1 . 1
7 20 7 2 2 2 .2
S 30 0 0 0 0 . 0
9 30 1 0 0 0 . 0
10 30 33 7 2 2 . 2
11 30 3 0 0 0 . 0
T o t a ls 93 27 2 9 .0
100  ml p e t r i  d is h  w ith Char a s t a l k s
1 20 8 s 6 2 . 3
O 20 10 o 6 0 . 0
3 Uo 10 c: 3 0 . 0
UO 2 1 50.0
Tot." I s 30 17 r a . 1
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tiot o::l,y t,hj ar.nhipodo an objacL f o r  a t tach.To;.t, but a l s o  jjave th e
n a ia d s  a s u r fa c e  a lo n g  which to  a l i g n  th e m s e lv e s .  Such a lign m en t i s  
c h a r a c t e r i s t i c  o f  th e  fo o d  c a p tu r in g  behav iou r  o f  many o d cn a tes  (U s in g er ,  
1 9 3 6 ) .  The r e s u l t s  o f  th e s e  t r i a l s ,  shoiving an apparent in c r e a s e  i n  th e  
p e r c e n ta g e  o f  s u c c e s s f u l  c a p tu r e s ,  a r e  c o n ta in e d  i n  th e  second h a l f  o f  
T able 1 .
In  sam ples c o l l e c t e d  a f t e r  inid A p r i l ,  Daohnia 0 0 . began to  appear  
i n  Chara sa m p les .  S in c e  th e s e  c la d o c e r a n s  co u ld  be a l o g i c a l  a l t e r n a t e  
p rey  f o r  t h e  n a ia d s ,  sam ples o f  Daohnia and H ;ralella  were m ixed. Ten 
i n d i v i d u a l s  o f  each p rey  s p e c i e s  were p la c e d  i n  th e  p e t r i  d i s h e s ,  a lo n g  
w ith  s t a l k s  o f  Chnra and 100 ml o f  pond v a t e r .  Only l a r g e  Daphnia. ap p ro x i­
m a te ly  2 . 5  mm in  l e n g t h ,  were used  i n  th e  c o m b in a t io n s .  The p rey  organism s
were a g a in  r e p la c e d  whenever an in d iv id u a l  was c a p tu r e d .  Daonnia were 
a p p a r e n t ly  ca p tu red , n o t  o n ly  a t  a h ig h er  fr e q u e n c y ,  but a l s o  w ith  a h ig h er
p e r c e n ta g e  o f  s u c c e s s f u l  c a p tu r e s  (Table  5)*
To m easure th e  p o s s i b l e  e f f e c t s  o f  th e  secon dary  p r e d a to rs  on sub­
s t r a t e  s e l e c t i o n  by h y a l e l l a , a d u l t  r e d s id e  s h in e r s  were c o l l e c t e d .  In d i­
v i d u a l s  were taken  from t h r e e  d i f f e r e n t  s c h o o l s ,  and t h e i r  stomach c o n te n t s  
exam ined. These e;cam inations r e v e a le d  th a t  th e  s h in e r s  were f e e d in g  p re­
d om in an tly  on chironom id l a r v a e  and d a m s e l f ly  n a ia d s  (Table 6 ) .  In t o t a l  
numbers, chironom id la r v a e  were more s i g n i f i c a n t  in  th e  d i e t  o f  th e  f i s h ;  
how ever, i n  term s o f  b io m a ss , th e  d a m s e l f l i e s  were equal to  th e  chironom id  
l a r v a e  or  s l i g h t l y  more im p o r ta n t ,  t o  e v id e n c e  o f  p r e d a t io n  on H y a le l la  
was fo u n d . Prey an im als  were n o t  counted  u n l e s s  d e f i n i t e  e v id e n c e  o f  an 
organism  %vas p r e s e n t ,  Chironomid la r v a e  were most o f t e n  i d e n t i f i e d  by t h e i r  
head c a p s u le  which appeared c o m p a ra t iv e ly  r e s i s t a n t  to  d i g e s t i o n ,  but i n
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
CD■D
O
Q.
C
g
Q.
■D
CD
C/)
o'3
O
Table $ . — R esu lts  of laboratory oredatlon by dam selfly  naiads upon combinations o f  ju v e n ile  Hvale11a gstpca and 
adult Daphnia so. T r ia ls  were conducted for  t h ir t y  minutes usin^ one naiad that had boon iso l  ntci  
for twenty-four hours. Ten in d iv id u a ls  of both sp ec ies  were in  each t r i a l .
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ccrr.e i n s t a n c e s  whole an im als were foau.d. csLiirmtion o f  d a m s e lf ly  numbers, 
on th e  o th e r  hand, wore u s u a l l y  based on th e  p r e se n c e  o f  appendages or an a l  
g i l l s .  I f  th e r e  was ev er  any doubt a s  t o  how many wore p r e s e n t ,  th e  sm a ller  
number vras chosen  a s  an e s t im a t o .  The p la n t  d e b r is  and f i la m e n t s  found  
v d th in  t h e  stom achs may have been in g e s t e d  o n ly  i n c i d e n t a l l y  a lo n g  w ith  th e  
i n v e r t e b r a t e s .
SUBSTIiATl SlLSCTIOd
The d a ta  i n  T ab les 1 through 3 show th a t  a h ig h er  p r o p o r t io n  o f  both  
H y a le l la  and d a m s e l f l i e s  were c o l l e c t e d  w ith  sam ples o f  Lemna. These 
d a ta  compare th e  two s u b s t r a t e s  on th e  b a s i s  o f  oOO cm^ sam ples ( th e  t o t a l  
area  o f  th e  s i e v e  used i n  th e  sa m p lin g ) .  However, s i n c e  a g g r e g a t io n s  o f  
Chara a r e  much more compact than th e  duckweed, one a ttem p t to  compare th e  
s u b s t r a t e s  e q u i t a b ly  i s  t o  red uce  th e  sam ples to  apportio im ients  o f  one gram 
ea ch . To make t h e s e  r e d u c t io n s ,  th e  number o f  an im als  i n  each sample was 
d iv id e d  by th e  d ry  w e ig h t  o f  s u b s tr a te  i n  th e  sam ple . T h is  da ta  i s  com­
p i l e d  i n  T ab les  7 and 8 , which a g a in  show t o t a l s  by s i z e  c l a s s e s ,  comparing  
i n d i v i d u a l s  taken  w ith  th e  two s u b s t r a t e s .  These f i g u r e s  s t r o n g ly  su g g e s t  
a s u b s t r a t e  p r e fe r e n c e  o f  Lemra by H y a le l la . s in c e  o ver  e le v e n  t im es  a s  
many amphipods were a s s o c i a t e d  w ith  an equal b iom ass o f  t h i s  s u b s t r a t e ,  
compared to  Chara. P rob ably  t h i s  d i f f e r e n c e  i s ,  i f  a n y th in g ,  c o n s e r v a t iv e ,  
s i n c e  n e a r ly  h a l f  o f  t h e  w e igh t  and su r fa c e  area  o f  Lemna i s  above w a ter ,  
and th u s  i s  n o t  a v a i l a b l e  a s  a s u b s t r a t e  f o r  amphipods. S in c e  a l l  organism s  
were c o l l e c t e d  o n ly  a few  c e n t im e te r s  be low  th e  w ater s u r f a c e ,  sample depth  
d id  n o t  c o n tr ib u te  t o  t h i s  d i f f e r e n c e .  A ls o ,  changes in  th e  weather have  
l i t t l e  i n f l u e n c e  on s u b s tr a s e  a s s o c i a t i o n s ,  s in c e  t h e  d i f f e r e n c e s  p r e v a i l e d
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u r 'i io r  a l l  c t  T.orvüd c o n d i t i o n s .
L aboratory  s u b s o r a t e - s e l e c t i o n  a l s o  s t r o n g ly  dem onstrated (P < .0 0 l )  
a s u b s t r a te  p r e fe r e n c e  f o r  L .■mna by Ho'al e l l  a . Laboratory r e s u l t s  are  
g iv e n  an F ig u re  3» which shows how th e  s u b s t r a t e s  were arranged w ith in  
t h e  fo u r  s e c t i o n s  o f  th e  enameled pan. (Only tw e n ty -n in e  amphipods were  
p la c e d  in  th e  t h i r d  s e c t i o n ,  th r e e  i n d iv i d u a l s  b e in g  l o s t  during t h e i r  
t r a n s f e r  t o  th e  s e c t i o n . )
F ig u r e  3*— R e s u l t s  o f  la b o r a to r y  s u b s t r a t e - c h o ic e  e x p er im en ts .  The 
arrangem ent o f  th e  s u b s t r a t e s  w ith in  th e  fo u r  s e c t i o n s  i s  shown, as  w e l l  
a s  th e  number o f  M ya ]e lla  i n  each q u a r t e r - s e c t io n  a f t e r  a tw en ty -fo u r  
hour p e r io d .  V e r t i c a l  l i n e s  show th e  p a r t i t i o n i n g  o f  th e  "■'an i n t o  s e c t i o n s ,  
and th e  dashed l i n e s  r e p r e s e n t  th e  p o s i t i o n s  o f  th e  p l e x i g l a s s  p l a t e s .
CONTROL LLMIA SLDIMiXT CHARA
0 23 1 14
SLDIi-ZZ'JT CONTROL CHARA SE0H4ENT
1 1 1 3
LEI-CIA S^UIMLNT CONTROL LEILiA
26 2 0 14
CHiLRA CH.VRA LEMNA CONTROL
5 6 22 1
GlOVfTH RAILS
L aboratory  t i ’i a l s  on grovrth r a t e  were conducted i n  two d i f f e r e n t  
s e t s ,  spanning two t im e  p e r io d s .  The f i r s t  s e t  covered  a t h i r t y - o n e  
day p e r io d  from January 2 1 s t  u n t i l  Febrim ry 2 1 s t .  Amphipods a v erag in g  
2 .5  mm i n  t o t a l  le n g th  were used i n  each o f  th e  e ig h t  c u l t u r e s .  In the
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c u l t u r e s  c o n t a in in g  p la n t s  an s u b s t r a t e s ,  equal a:aounts (dar.p dry w e ig h ts )  
v/ere added a t  i n t e r v a l s  o f  th r e e  to  f i v e  d a y s .  A c a n u la t iv e  t o t a l  o f  
f i v e  grams wj.s in  each f l a s k  a t  th e  end o f  th e  p e r io d .  In sedim ent c u l ­
t u r e s ,  enough a e r a te d  s u b s tr a te  was i n i t i a l l y  added t o  cover  th e  bottom  
o f  both  f l a s k s  t o  a depth  o f  one c e n t im e t e r . A d d it io n a l  sedim ent ivas 
tho.n added a t  s im i la r  i n t e r v a l s  u n t i l  a t o t a l  o f  ? 0  grams was in  th e  f l a s k s ,  
Composite c u l t u r e s  had f i v e  grams o f  mixed Ohara and Lern.a and 30 grams 
o f  se^iiment a t  th e  end o f  t h e  t im e  p e r io d .  A f te r  t h i r t y - o n e  d a y s ,  th e  
H y a le l la  were removed and t h e i r  dry w e ig h ts  d e term in ed . Growth r a t e s  
were o b ta in ed  by comparing t h e s e  w e ig h ts  m t h  av erage  v a lu e s  o f  groups  
c o n t a in in g  tw en ty  amphipods, a p p ro x im a te ly  2 . 5  mm i n  l e n g t h .
The b e s t  growth r a t e s  v;ere o b ta in ed  from th e  Chara. Lemna and th e  
com p osite  c u l t u r e s  produced i n d iv i d u a l s  w ith  n e a r ly  th e  same average  w e ig h t , 
The su b su r fa c e  sed im ent c o n ta in e d  th e  s m a l le s t  H y a l e l l a . These r e s u l t s  
a r e  shoivn i n  F ig u re  1 .
M o r t a l i t y  r a t e s  under t h e s e  la b o r a to r y  c o n d i t io n s  were r e l a t i v e l y  
h ig h ,  a v e r a g in g  ro u g h ly  25 p e r c e n t  i n  a l l  c u l t u r e s .  The in c r e a se d  
m o r t a l i t y  o f  H y a le l la  was p o s s i b l y  in f lu e n c e d  by h a n d lin g  specim ens w ith  
an eyedropper du rin g  t h e i r  i n i t i a l  t r a n s f e r  i n t o  th e  f l a s k s .  A ls o ,  th e  
t h i r t y - o n e  day c u l t u r in g  p e r io d  proved t o  be lo n g  enough fo r  some i n d i ­
v i d u a l s  over  2 .5  nmi in  le n g th  to  d e v e lo p  a brood . A l l  o f  th e  c u l t u r e s ,  
e x c e p t  t h o s e  m a in ta in ed  on sed im en t , c o n ta in e d  r e c e n t l y  hatched i n d iv i d u a l s .
The second  s e t  o f  growth r a t e s  was conducted to  confirm  th e  above  
growth r a t e  d i f f e r e n c e s .  The t r i a l s  were m ain ta in ed  o ver  a sh o r te r  tw e n ty -  
fo u r  day p e r io d .  Only j u v e n i l e  a n im a ls ,  l e s s  than 2 .5  mm i n  le n g t h  were 
u s e d .  An eyedropper w ith  a la r g e r  a p e r tu r e ,  l e s s  l i k e l y  t o  in ju r e  th e
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tic-, .. : L3 us-id i n  h im d lin g  r n v c ic u n s . The name p e r io d ic  Tecdin^ sch ed u le  
\v-as r'n.ir.tained, e;:copt t h i s  t i r e  one i l a c k  fo r  each s u b s tr a te  was g iv en  
t;*/:^ce th e  amount o f  p la n t  p lu s  p cr ip !i . /ton , so t h a t  a t o t a l  o f  ten  grams 
(damp dry  w e ig h t )  was added. F la s k s  to  which th e  norma], f i v e  grams of  
s u b s t r a t e  was added were d e s ig n a te d  "Group A", and t h o s e  to  which te n  grams 
wore added, "Group E", The ob ta in ed  growth r a t e s ,  a lo n g  w ith  th e  cum u la tive  
f e e d i n g  s c h e d u le s  f o r  each group a r e  i l l u s t r a t e d  i n  F ig u re  d. Again an im als  
h e ld  on Chara dem onstrated  th e  b e s t  grov/th r a t e s .  There was l i t t l e  d i f f e r ­
en ce  i n  growth r a t e  between th e  two Chara g rou p s, and th e  growth r a t e s  o f  
t h e  second s e t  v/ere s l i g h t l y  h ig h e r ,  but comparable t o  th o s e  o f  th e  f i r s t  
s e t ,  a p p ro x im a te ly  3 . 2  m icrogram s/anirrm l/day. The com p osite  i n  Group A had 
a b e t t e r  gi-owth r a t e  than  th e  Group A Lei:ma c u l t u r e .  However, in  Group B, 
a s  i n  th e  f i r s t  s e t ,  th e  growth r a t e s  f o r  Lemna and th e  com p osite  were n e a r ly  
e q u a l .  These t r i a l s  were conducted  over  a. sh o rt  enough tim e p e r io d ,  and w ith  
sm all enough an im als  a t  th e  s t a r t ,  so  t h a t  no broods d e v e lo p ed . A ls o ,  mor­
t a l i t y  was l e s s  than  f i v e  p e r c e n t  o v e r a l l  w ith  a t o t a l  o f  o n ly  two d e a th s ,  
b o th  o c c u r r in g  in  th e  Chara Group A f l a s k .
The p e r c e n ta g e  o r g a n ic  c o n te n t  o f  Chara from n in e  r e p l i c a t e s  averaged  
2 5 «5 vhlth a standard e rro r  o f  1 . 1 .  The p e r ce n ta g e  o rg a n ic  c o n ten t  o f  
Lemna from f i v e  r e p l i  c a c e s  averaged  7 0 .0  v/ith a standard e rro r  o f  2 . 4 .
Tne f e c a l  p e l l e t s  produced by H y a le l la  i n  Chara were found to  have an 
a v e ra g e  o rg an ic  c o n te n t  o f  1 4 .7  (s tan d ard  e rr o r  0 . 5 ) ,  w h ile  th e  corresp on ­
d in g  f ig -u r es  f o r  Le.-na were 1 4 .9  (stan d ard  e rr o r  3 . 0 ) .  These r e s u l t s  sug­
g e s t  t h a t  th e  amphipods were f e e d in g  upon th e  same fo o d  m a t e r ia l ,  periphjh/cn,  
i n  both c a s e s .  The most p l a u s i b l e  a l t e r n a t i v e  e x p la n a t io n  f o r  th e  s im i la r  
f i g u r e s  o f  o rgan ic  c o n te n t  i n  th e  f e c e s  would be th a t  H y a le l la  a s s i m i l a t e s
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F ig u re  5 . —  L aboratory grovrth r a te s  f o r  H y a le l la  a s t e c a  and 
c u m u la t iv e  f e e d in g  s c h e d u le s  m ain ta ined  f o r  a tv ;en ty -fou r  
day p e r io d .
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CHAPTER IV 
D is c u s s io n  A:D COIICLUSIOnS 
coMiuAiry co:T 03iT ion
A red u ced  sta n d in g  crop  o f  h ig h er  p la n t s  i s  p r e se n t  a t  Shandy Slough  
d u rin g  th e  tv in tsr  m onths. A s ir a i la r  c o n d i t io n  con cern in g  th e  p er ip h yton  
( f i r s t  t r o p h ic  l e v e l )  can a l s o  be in f e r r e d  i f  w in te r  and sp r in g  growth  
r a te  d a ta  o f  H y a le l la  a s t e c a  a r e  compared. Such data r e f l e c t  th e  amount 
o f  n u t r i t i o n  r e c e iv e d  from th e  p e r ip h 5h.cn. In th e  main, th e  h ig h er  th e  
amphipod growth r a t e ,  t h e  more p e r ip h y to n  must be a v a i la b l e  f o r  consum ption. 
Other f a c t o r s ,  such a s  changes in  th e  s p e c i e s  d i v e r s i t y  o f  m ic r o f lo r a ,  
occu r  th rou gh ou t th e  y e a r .  However, such f a c t o r s ,  compared to  p er ip h j’to n  
d e n s i t y ,  would probab ly  have l i t t l e  i n f l u e n c e  on gro^vth r a t e s ,  because  th e  
o r g a n ic  c o n te n t  o f  many s p e c i e s  o f  th e  a l g a e ,  a t  l e a s t ,  i s  s im i la r .  Although  
no growth r a t e  experim en ts  were conducted l a t e r  in  th e  y ea r  w ith  s u b s t r a t e s  
from Shandy S lo u g h , th e  sp r in g  and e a r l y  summer data  com piled by Hargrave 
( l9 7 0 a )  can be used a s  a p rob ab le  s u b s t i t u t e  f o r  p ro d u ctio n  in  th e s e  months. 
L aboratory  c o n d i t io n s  f o r  both  exp erim en ts  were v e ry  s i m i la r .  Animals and 
p la n t s  f o r  t h e  l a t t e r  were taken  from Marion Lake, B r i t i s h  Columbia, a 
tem p er a te ,  fr e sh w a te r  community. For Ma.rion Lake i n  May, growth on Chara 
a s  a s u b s t r a t e  was 6 . 9  m dcrogram s/anim al/day, and on bottom sedim ent i t  was 
1 . 2  m icro g ra m s/a n im a l/d a y . For a s im i la r  p er iod  i n  June r e s u l t s  were 8 . 8  
m icrogram s/an in ia l/d a y  on Chara and 2 .1  m icrogram s/an im al/d ay  on sed im en t.
35
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V.ith C_i;ir;i tak irorr. Z h z '- .if  S louch  in  Futruary, ^rov,'th averaged 2 .9  
m icrograT is/an iT a l/d ay  and in  March, 3 . 2  m icrogram s/an i.T al/day . The a e ra ted  
o-ediment from t h e  d o u g h  averaged 0 .3  rrdcrogram e/anim al/day d u r in g  both  
m onths. These r e s u l t s  s u g g e s t  t h a t  during  th e  w in t e r ,  p ro d u ctio n  v â th ln  
th e  f i r s t  t r o p h ic  l e v e l  i s  r ed u ced , even though w ater tem perature rem ains  
f a v o r a b le  f o r  p e r ip h y to n  grow th . A s ln d la r  r e d u c t io n  i n  a l g a l  s ta n d in g  
cro p , i n d i c a t i n g  a dependence on lo n g  p h otop er io d  le n g th  fo r  maximum p ro­
d u c t io n ,  was found by S tock n er  (1967) in  Mount R a in ie r  and Y e llow ston e  Park 
v.'s.rmsprings. With l o s s  o f  p r o d u ct io n  w ith in  th e  f i r s t  tr o p h ic  l e v e l ,  c o r ­
resp on d in g  r e d u c t io n s  i n  th e  fauna must o c c u r ,  liany anim als respond w ith  
dormant s t a g e s .  The Darhnia and copepods p o s s i b l y  d e p o s i t  t h e i r  r e s t i n g  
eg g s  w i t h in  th e  Chara a g g r e g a t io n s .  Mecktonic Hemiptera o v erv d n ter  a s  
a d u l t s  i n  p r o te c t e d  a r e a s  on pi* near th e  water su i ' fa c e .  Again we s e e  th a t  
th e  hydrogen s u l f i d e  i n  th e  b e n th ic  zone may l i m i t  d i v e r s i t y ,  b ecau se  a q u a t ic  
C o le o p te r a ,  which a r e  p r e s e n t  a t  th e  s lo u gh  o n ly  in  low  numbers, r e q u ir e  a 
mud h a b i t a t  fo r  h ib e r n a t io n .  P h y s ic a l  f a c t o r s  o th er  than th e  hydrogen s u l ­
f i d e  p r e v e n t  th e  occurrence o f  Fphemeroptera and P le c o p te r a  p o p u la t io n s ,  
s in c e  t h e  s t o n e f l i e s ,  a t  l e a s t ,  a r e  lo w  tem perature  stenotherm s and appar­
e n t l y  need  tem perature  changes g r e a t e r  than are  found a t  Shandy S lough ,  
to  h e lp  t r i g g e r  t h e i r  emergence (Sheldon and J e w e tt ,  1 9 6 ? ) .
H y a le l la  a z te c a  has no known r e s t i n g  s ta g e ;  i t s  p o p u la t io n  p e r s i s t s  
through out th e  year even when primary p r o d u ct io n  a t  t h e  s lou gh  becomes 
r e l a t i v e l y  lo w . S in c e  th e  Daohnia and copepod p o p u la t io n s  a r e ,  fo r  th e  
most p a r t ,  i n a c t i v e  throughout much o f  th e  w in t e r ,  H y a le l la  i s  c l e a r l y  
t h e  dominant p o p u la t io n  o f  th e  second tr o p h ic  l e v e l .
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In b o th  la b o r a to r y  and f i e l d  s tu d ie s *  H y a le l]a  in d ic a t e d  a d e f i n i t e  
p r e fe r e n c e  f o r  Ler.na as a s u b s t r a t e .  P rev io u s  s t u d i e s  have shown th a t  
H.Y3.1 i l l  a a is c r ir - i in a te s  between s u b s t r a t e s  c o n ta in in g  v a r io u s  c o n c e n tr a t io n ?  
o f  d ia to m s .  n a r ly  s t u i i e s  on ir .acro invertebrate  d i s t r i b u t i o n s  s i m i l a r l y  
l in k e d  a s s o c i a t i o n s  between a n im a ls  and p la n t s  to  s'urface area  fo r  p er ip h y to n  
growth (K'- e c k e r ,  1?39; R o s in e ,  1953 ) » The l a t t e r  V.to s t u d ie s  r e l a t e  th e  
i .e a f  d i s s e c t i o n  o f  submerged a q u a t ic  p la n t s  t o  th e  d e n s i t y  and d i v e r s i t y  o f  
a s s o c i a t e d  an im al p o p u la t io n s .  However, my s t u d i e s  a t  Shandy Slough demon­
s t r a t e d  t h a t  t h e  s u b s tr a t e  p r o v id in g  th e  b e s t  grovrth r a te  ( Chara) was not  
s e l e c t e d .  S i m i l a r l y ,  th e  s tu d y  by Hargrave ( l9 7 0 a )  a l s o  found t h a t  r e l a -  
t i o n s h i p s  betw een p e r ip h y to n  p ro d u ct io n  ( s u r f a c e  a r e a )  and amphipod growth 
and d i s t r i b u t i o n  are  n ot c l e a r  c u t .  As s t a t e d  e a r l i e r ,  he found th a t  p e r i ­
phyton a s s o c i a t e d  w ith  Chara was a b e t t e r  so u rce  o f  fo od  fo r  growth than  
v;as sed im ent m ic r o f lo r a .  Yet a t  liar io n  Lake, where Chara and Pot.omoreton 
b ed s w ith  abundant p e r ip h y to n  occu r  around s p r in g s ,  H y a le l la  i s  n e i t h e r  
more numerous nor l a r g e r  i n  s i z e  than amphipods found on a d ja c e n t  open 
se d im e n t .  In f a c t ,  80 p e r c e n t  o f  th e  amphipods a re  found on th e  open s e d i ­
m ent, and n o th in g  app roach in g  a clumped d i s t r i b u t i o n  o c cu rs  in  a r e a s  o f  
h i g h e s t  periph>’to n  d.._nsity.
R easons o th e r  than fo o d  su p p ly ,  th en  must c o n tr ib u te  t o  th e  s e l e c ­
t i o n  o f  Lemna by H y a le l la  a t  Shandy S lo u g h . Pryden (1952) found t h a t  a 
s p e c i e s  o f  hydra occu rred  on some p la n t  s p e c i e s  and n o t  on o t h e r s .  An 
a p p a ren t  b io c h e m ic a l  i n f l u e n c e  on th e  emergence o f  m osquito  la r v a e  was 
a l s o  su g g e s te d  by Abdol->4a le k  (1 9 4 8 ) .  These f a c t s  s t r o n g ly  s u g g e s t  a
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d i r o c t  ir .ilu^rjce  by p la n t s  on t'na development o f  per ip h yton  on t h e i r  
s u r f a c e s  and p o s s i b l y  on th e  aniirials i n  th e  w ater around them. The nature  
o f  s im i la r  ch em ica l r e g u la t o r s  o f  a lg a e  has been s t u d ie d  by P roctor  (1 9 5 6 , 
i 9 5 7 ) ,  b u t f u r th e r  s t u d i e s  w i l l  have to  be made t o  c l a r i f y  any such a n t i ­
b i o t i c  a c t i o n  e x e r te d  on th e  fauna by th e s e  e x t r a c e l l u l a r  compounds.
Another p o s s i b l e  e x p la n a t io n  fo r  th e  f i e l d  s e l e c t i o n  r e s 'o l t s  would 
be th e  sh ad in g  e f f e c t  o f  Lemna, The n e g a t iv e  p h o t o ta x is  o f  H y a le l la . 
when combined w ith  in c r e a s in g  e f f e c t s  o f  hydrogen s u l f i d e  near t h e  bottom  
o f  th e  s lo u g h ,  would make th e  s u b s t r a te  t h a t  a l lo w e d  th e  l e a s t  l i g h t  pene­
t r a t i o n  and, a t  th e  same timie had most o f  i t s  biom ass near th e  w ater sur­
f a c e  t h e  most fa v o r a b le  f o r  H y a le l la , In order t o  f in d  aii amount o f  shade 
equal t o  t h a t  o f  duckweed w i t h in  th e  Chara a g g r e g a t io n s ,  H y a le l la  must go 
t o  a c o n s id e r a b le  d ep th  below^ th e  w ater s u r f a c e .
F i n a l l y ,  th e  i n f l u e n c e  o f  p r e d a t io n  on th e  f i e l d  r e s u l t s  can not be 
o v e r lo o k e d .  D a x i s e l f l i e s  a r e  th e  main p r e d a to r s  upon th e  H y a le l la  popula­
t i o n  a t  Shandy S lou gh , The p r e d a t io n ,  by  Lnallayma sp . a t  l e a s t ,  i s  upon 
s p e c i f i c  s i z e  c l a s s e s  o f  amphipods ( i n d iv i d u a l s  l e s s  than  2 .5  mm in  l e n g t h ) .  
A lthough Chara was n o t  s e l e c t e d  a s  a s u b s t r a t e  by th e  d a m s e l f l i e s ,  th e  
e f f e c t i v e  number o f  p r e d a to r s  was h ig h e r  i n  t h i s  s u b s t r a t e .  T h is ,  i n  tu r n ,  
made e x i s t e n c e  f o r  e a r l y  i n s t a r  H y a le l la  s l i g h t l y  more p r e c a r io u s  when 
w it h in  Chara than when w ith in  Lemna, Chara beds were a l s o  th e  o n ly  p la c e  
where th e  la r g e  A n iso p tera  n a ia d s  were fo u n d . U n fo r tu n a te ly ,  by th e  time  
t h e  la b o r a t o r y  p r e d a t io n  exp er im en ts  were con d u cted , a l l  o f  t h e s e  p r e d a to rs  
had em erged. The A n iso p te ra  v e r y  l i k e l y  p r e y  on th e  amphipods a s  w e l l  as  
e a r l y  i n s t a r  d a m s e l f l i e s ,  and a r e  p rob ab ly  an im portant fa c t o r  i n  p o p u la t io n  
r e g u la t io n  w ith in  Chara, Odonata n a ia d s  a r e  l i k e l y  to  be more s u c c e s s f u l
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pr . i a t o r s  i n  tho Ci:'rn ; th e  c a t s  o f  t h i s  s u b s tr a t s  are  cuch u;orc compact, 
cakinp; th e  d i s t a n c e  to  p rey  much l e s s ,  and th u s v ery  l i k e l y  in c r e a s in g  th e  
p e r c e n ta g e  o f  s u c c e s s f u l  c a p tu r e s .  Chara s t a l k s  are a l s o  t h ic k e r  and more 
compact than th o s e  o f  Lofina. T h is s i t u a t i o n  c o n tr ib u te s  to  th e  p r o t e c t i v e  
c o l o r a t i o n  o f  th e  n a ia d s .  F u r th er , Odonota vdth in  Chara a g g r e g a t io n s  a re  
g e n e r a l ly  s a f e  from p r e d a to r s ,  s in c e  th e  a g g r e g a t io n s  are  to o  c o n c en tr a ted  
t o  a l lo w  f i s h  o f  any s i z e  t o  e n t e r .  A l l  o f  th e s e  f a c t o r s  make the  Chara 
an u n s t a b le  p la c e  f o r  H.val e l l  a * s s u r v iv a l ,  and make th e  p re d a t io n  i n f lu e n c e  
more c l e a r  than i s  brought out i n  s ta n d in g  crop f i g u r e s .
Reasons f o r  la b o r a t o r y  s u b s tr a te  s e l e c t i o n  are  l e s s  c l e a r .  S in ce  th e  
eozperiments ;;ere conducted  in  t o t a l  d a r k n e s s ,  th e  shade f a c t o r  would be 
e l im in a t e d .  P red a to rs  were n o t  p r e s e n t  to  in f lu e n c e  th e  s e l e c t i o n ,  and 
fo o d  c o n c e n tr a t io n  has been e s s e n t i a l l y  e l im in a te d  a s  an i n f l u e n c e ,  Korj~ 
z o n t a l  arrangement o f  s u b s t r a t e s  made l i t t l e  d i f f e r e n c e .  Further s t u d i e s  
on th e  b io c h e m ic a l  i n f l u e n c e  o f  p la n t s  upon m acro in verteb ra te  developm ent,  
or  perhaps on the  s p e c i f i c  p er ip h y to n  a s s o c ia t e d  w ith  each s u b s tr a te  would  
a id  i n  th e  c l a r i f i c a t i o n .
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The d i v e r s i t y  o f  anirral p o p u la t i c r s  a t  Shandy Slough i s  r e l a t i v e l y  
l e w ,  when compared t o  o th e r  a q u a tic  com iaunities in  w estern  Montana. 
P h y s ic c c h e n ic a l  l l e i i t i n p  f a c t o r s  such a s  h igh  a l k a l i n i t y  and, i n  th e  
b e n th o s ,  hydro per' s u l f i d e  e l im in a t e  many p o p u la t io n s  c h a r a c t e r i s t i c  o f  
c o ld -w a te r  c o u n te r p a r ts  o f  t h e  s lo u g h .  Other p h y s ic a l  f a c t o r s ,  such as  
m oderate d i s s o l v e d  oxygen c o n c e n tr a t io n  and l i t t l e  se a so n a l  tem perature  
v a r i a t i o n ,  a re  a l s o  f a c t o r s  which c o n tr ib u te  to  t h e  low  d i v e r s i t y .
nv a 1 e l l  a a r t e c a . n orm ally  a b e n th ic  m a c r o in v e r te b r a te ,  was found to  
have d e f i n i t e  s u b s tr a te  p r e fe r e n c e s  in  an eco sy s tem  w ith ou t a h a b i ta b le  
b e n th o s .  L aboratory  and f i e l d  s t u d ie s  in d ic a t e d  th a t  th e s e  amphipods had 
a d e f i n i t e  p r e fe r e n c e  f o r  Lemna over o th e r  a v a i la b l e  s u b s t r a t e s .  In 
a d d i t io n ,  s u b s t r a t e ,  r a th e r  than food  su p p ly ,  appears t o  have th e  most 
i n f l u e n c e  cn : \ i c r o d i s t r i t u t i o n  o f  Hvsl a a t  Shandy S lo u gh .
P r c J a t ic n  i s  a s tr o n g  f a c t o r  in f l u e n c in g  numbers o f  amphipods a s s o c i ­
a te d  w ith  s u b s t r a t e s  i n  th e  f i e l d .  Another l i k e l y  in f lu e n c e  upon th e  
f i e l d  r e s u l t s  would be th e  abundant shade p rov id ed  by Lc.cna.
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